Food from the Oceans and Human Health
Balancing Risks and Benefi ts Th is article has been published in Oceanography, Volume 19, Number 2, a quarterly journal of Th e Oceanography Society. Copyright 2006 by Th e Oceanography Society. All rights reserved. Permission is granted to copy this article for use in teaching and research. Republication, systemmatic reproduction, or collective redistirbution of any portion of this article by photocopy machine, reposting, or other means is permitted only with the approval of Th e Oceanography Society. Send all correspondence to: info@tos.org or Th e Oceanography Society, PO Box 1931 , Rockville, MD 20849-1931 T H E O C E A N S provide great health benefi ts to humans, ranging from food and nutritional resources to recreational opportunities and new cures for human disease. At the same time, increasingly, food from the oceans is contaminated with man-made pollutants. Globally, over one billion people rely on fi sh and other seafood as their main source of animal proteins (Figure 1 ). Dependence on a seafood diet is usually higher in coastal than in inland areas, and many small island states depend on fi sh exclusively, particularly native peoples. Therefore, the choice for those people who regularly consume seafood is increasingly a balance between the nutritional vs. the detrimental aspects of seafood (see case study by Dewailly, this issue).
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FISHEATING POPUL ATIONS
Remote maritime populations are intimately connected to the oceanic environments that nourish their daily life and culture. They rely on the oceans as a source for nutrition The consumption of large quantities of fi sh raises the issue of the potential exposure to harmful natural and anthropogenic contaminants in seafood (Knap et al., 2002) .
These toxicants in the aquatic food chain are threatening all fi shing communities that still rely on seafood for their subsistence. For example, the highest body burdens of methyl mercury and persistent organic pollutants (POPs) have been found in the remote maritime populations in the northern and southern hemispheres (see Figure 3) . Numerous studies have reported high levels of methyl mercury in predator fi shes, while POPs such as polychlorinated biphenyls (PCBs), dioxin, and chlorinated pesticides accumulate in fatty fi shes and sea mammals. Of note, while mercury bioaccumulates in the aquatic food chain in both hemispheres, the higher concentrations of organic compounds are reported mostly in the northern hemisphere. All of these pollutants potentially threaten human health, particularly that of the developing human fetus and infant, since pollutants are passed through the mother transplacentally and via breast milk.
Recently, reports have shown that the highest human concentrations and related health effects are found in children living in the Arctic (Faeroe Islands, Canadian Arctic, Greenland) and in remote Canadian fi shing populations (Dewailly et al., 1994 ; case study by Dewailly, this issue). Neurobehavioral and immunological disturbances have been associated with high prenatal exposure to these seafood-borne contaminants. More recently, these compounds have been found to possess endocrine properties, and have been associated in animals and humans with male fertility problems (AMAP, 2004 On a more positive note, these fi sheating populations also receive important nutrients through fi sh consumption.
Maritime populations have a generally high intake of omega-3 fatty acids, the most important compounds being eicosapentanoic acid (EPA) and docosahexanoic acid (DHA). Omega-3s have been associated with a reduction of coronary heart diseases, increased pregnancy duration, and protection again infl ammatory diseases, to name a few of the established benefi ts (Ruxton et al., 2004) .
In addition, fi sh is a very good source of selenium (Se), which as well as being an important antioxidant, has a role as possibly being antitoxic for mercury.
Selenium is also extremely benefi cial in the prevention of oxidative stress-related diseases, particularly for the prevention of prostate cancer (Rayman, 2000) . Selenium is also reported to prevent cardiac diseases (Salonen et al., 1982) .
GENER AL DEBATE ABOUT FISH CONSUMPTION
Balancing the risks and benefi ts of the consumption of seafood is an active debate not only for subsistence communities, but also for more urban populations. This subject is a global issue following recent reports on anthropogenic contaminants identifi ed in salmon (Hites et al., 2004) and other commonly consumed species, and followed by reaction from nutritionists (Willett, 2005) .
Several health organizations have recommended that the general population eat fi sh twice a week (Kris-Etherton et al., 2002; Harris, 2004) . Fish consumption is also recognized as benefi cial for brain development (Cunnane et al., 2000; Uauy et al., 2001 ) and protective against cardiovascular diseases (Harper et al., 2001; Bucher et al., 2002; He et al., 2004) , mental disorders (Cunnane et al., 2000; Emsley et al., 2003; Casper, 2004) , and various infl ammatory conditions (such as bowel diseases, asthma, and arthritis) (Ruxton et al., 2004) . Long-chain omega-3 polyunsaturated fatty acids are arguably the most important nutrients in fi sh.
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RISKS RELATED TO SEAFOOD CONTAMINANTS
As discussed earlier, seafood-borne substances of particular concern are the heavy metals and POPs (such as PCBs, In Nunavik, an epidemiological study conducted from 1989-1991 investigated whether organochlorine exposure was associated with the incidence of infectious diseases and immune dysfunction in Inuit infants (Dewailly et al., 2000b) . Th e number of infectious-disease episodes during the fi rst year of life of 98 breast-fed and 73 bottle-fed infants was determined. Concentrations of POPs were measured in early breast-milk samples and used as surrogates for the prenatal exposure levels. Otitis media (middle-ear infection) was the most frequent disease, with 80 percent of breast-fed and 81 percent of bottle-fed infants experiencing at least one episode during the fi rst year of life. However, the risk of otitis media was signifi cantly increased with a history of prenatal exposure to dichlorodiphenyldichloroethylene (DDE), hexachlorobenzene (HCB), and dieldrin. Th e relative risk for the 4-to 7-month-old infants most exposed to DDE was twice that of rapid societal transitions, a shift away from traditional lifestyle and diet has been observed in these populations (Bjerregaard and Curits, 2002; Kuhnlein and Receveur, 1996) . Traditional food use is declining rapidly, although not uniformly across the Arctic. For most circumpolar regions, dietary intake from store-bought foods now exceeds those from traditional foods ( Figure 3) . As a result, in Greenland, Alaska, and Canada, ischemic heart disease and diabetes are on the increase among native populations (Young et al., 1993) . Th us, while there is clearly a need to reduce the exposure of Inuits to POPs and heavy metals, there is, at the same time, a need for preventive action to ensure that the levels of protective factors in their diet are not diminished.
NEW ORGANIC CONTAMINANTS
ÉRIC DEWAILLY (eric.dewailly@crchul.ulaval.ca) is Professor of Social and Preventive Medicine, Public Health Research Unit, Laval University, Ste-Foy, Québec, Canada. 1980s (Meironyte et al., 1999, Noren and Meironyte, 2000; Ikonomou et al., 2002) PFOS have also been detected in marine mammals from the North American Great Lakes (Kannan et al., 2005) . Endocrine effects (decreased estradiol and T3 serum levels) have been observed in sub-chronic toxicity experiments in monkeys (Seacat et al., 2002) . However, human exposure to these compounds in the northern regions is scarce, and therefore, dietary exposure to PFOS and related compounds in the Inuit population, as well as potential toxic effects in these populations, remain to be addressed.
METALS
The metals group is composed of all metals and metalloids in the marine en- 1976 1980 1984 1990 1994 1996 1997 Figure 4 . PBDE's in human milk (Noren and Meironyte, 2000) . Environmentally chronic exposures have occurred worldwide in populations dependent on fi shing, including Amazonia, coastal Peru (Marsh et al., 1995) , Seychelles (Davidson et al., 1998) , Faroe
Islands (Grandjean et al., 1997) , the Arctic (Dewailly, 2001a) , and New Zealand (Kjellstrom et al., 1986) .
Cadmium can also bioaccumulate in the environment, including the ocean environment. The IARC has labeled cadmium as a Group I carcinogen (known human carcinogen). The major health risk associated with cadmium is nephrotoxicity (i.e., proteinuria and renal failure), however, the pathway from fi sh to people is not known, and most human contamination from cadmium tends be caused by tobacco smoking (Rey et al., 1997) .
Like cadmium, environmental expo- it is important to expand these conventions well beyond the oceans.
